Aims. We report new Very Large Array polarimetric observations of Compact Steep-Spectrum (CSS) sources at 8.4, 15, and 23 GHz. Methods. Using multi-frequency VLA observations we have derived sub-arcsecond resolution images of the total intensity, polarisation, and rotation measure (RM) distributions.
Introduction
The number of Compact Steep-Spectrum (CSS) sources with detailed polarimetric information available at subarcsecond resolution is still small. We have conducted a series of polarimetric observations of CSS sources using the Very Large Array (VLA).
CSS objects are young radio sources, with ages < 10 3−5 yr . They have linear sizes ≤ 20 kpc 1 and steep high-frequency radio spectra (α > 0.5; S ν ∝ ν −α ). Being sub-galactic in size, CSS sources reside within their host galaxies. Therefore, Faraday rotation effects are to be expected when their polarised synchrotron emission is observed through the magneto-ionic interstellar medium (ISM) of the host galaxy. The comparison of polarised emission over a range of wavelengths is an important diagnostic of the physical conditions within and around these compact radio sources.
Existing sub-arcsec polarimetry has provided evidence in favour of the interaction of components of CSSs with dense gas clouds, (for example, see Junor et al. 1999) .
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Aiming at a deeper understanding of the CSS source phenomenon, with the VLA 2 A-Array we observed an "incomplete" sample of 29 sources selected from the list of Dallacasa (1990) . The adopted selection criteria were: i) total flux density at 5 GHz >1 Jy, ii) declination > −20
• , and iii) lack of observations at sub-arcsecond resolution (at the time of source selection).
In this paper, we report multi-frequency VLA polarisation observations of our CSS sample at 8. 1, 8.5, 15 and 23 GHz. In Section 2 we summarise the observations and data processing. Section 3 describes the new information obtained on the structural and polarisation properties. Discussion and conclusions are presented in Sections 4 and 5 respectively.
half of the data acquired at 23 GHz could not be imaged due to poor weather conditions. The data were recorded in both circular polarisations, and calibrated in the standard way using AIPS procedures. The sources 2200+420 (BL Lac) and 0923+392 were observed regularly throughout the observing period to allow for parallactic angle corrections. Calibration of the Electric Vector Position Angle (EVPA) was performed by observing the source 1328+307 (3C286) assuming an EVPA of 33
• for it at all frequencies. An iterative procedure was carried out using the IMAGR and CALIB programmes to self-calibrate the parallel-hand (LL or RR) fringes. The complex gain corrections derived in this way were also applied to the cross-hand (RL or LR) fringes. Images in Stokes parameters I, Q, and U were produced. Images of the polarised flux density P=(Q 2 +U 2 ) 0.5 and EVPA, χ = 0.5×tan −1 (U/Q), were then generated from the Q and U images. The data acquired with the 8 GHz receiver were separately imaged for the two IFs, namely IF1 at 8085 MHz and IF2 at 8485 MHz, each having a bandwidth of 50 MHz. When considered together, observations at these two frequencies are designated "X-band" in the text.
Results

Images
The full-resolution images are available on the web site http://db.ira.inaf.it/aj206-fm/.
In practice, half of the sources (15) are point-like at our resolution. However, two of these are slightly extended on one side. Seven others show double structure, and six more are triples. One further source is classified as complex. Examples of sources classified as above are presented in Fig. 1 . This morphological description follows that of (Spencer et al. 1991) . The vectors representing the electric vector of linearly polarised intensity are overlaid on the total-intensity contours.
Polarised emission
The great majority of the sample sources show evidence of polarised emission. However, generally, they are only weakly polarised. Three sources, namely 0531+194, 0941−080, and 1311+678, show no polarised emission above the detection limits at any of the frequencies observed. The median percentage polarisations measured are summarized in Table 1 . The polarisation percentage integrated over complete sources decreases from high to low frequencies, with quasars more polarised than galaxies. It could be noted that there are sources in which the polarisation percentage of individual components are higher than the polarisation percentage integrated over the complete source. This is due to averaging with a range of EVPAs .
The classification of source structures, together with percentage polarised emissions derived by integrating the total-intensity and the polarised-intensity emissions over the total extent of each source, and the depolarisation indices DP, defined as the ratio of the percentages of polarised emission at the lower to the higher frequencies, are reported in Table 2. In Tables 3-6 , the polarisation parameters derived for the distinct components of each source at each observing frequency are reported. When more than one PA is listed in the Tables these refer to regions with different EVPAs. Further information may be obtained from the online images (http://db.ira.inaf.it/aj206-fm/).
Fractional polarisations, depolarisation indices, and Rotation Measure values for the individual components of each source are reported in Table 7 . The Rotation Measure is defined as RM= ∆χ/∆(λ 2 ) in rad m −2 where χ is the PA at wavelength λ, allowing for nπ with n an integer, in the individual PAs to get the best fit. When three frequencies are available, the ambiguity implied by the integer n can be resolved. The RMs are estimated by fitting the points with a linear least-squares fit. The Rotation Measure in the source rest frame is defined as RM rf =RM×(1 + z) 2 . We note that polarimetric parameters are derived from images at the full resolution achieved at the various frequencies. The χ values are those associated with the polarised emission peaks. The errors associated with the χ values used in the χ − λ 2 plots are calculated considering the dispersion of χ values in boxes of 5 × 5 pixels around the positions of maximum polarised emission.
RM plots are also available at the web site http://db.ira.inaf.it/aj206-fm/. Examples of RM plots are presented in Fig. 2. 
Comments on individual sources
Some of the CSS sources presented here have been included in other sub-arcsecond resolution observations. Parameters from those studies, and in particular the χ values, have been extracted when appropriate. 0023−263 (OB238) -This source have been observed at the S/X bands using VLBI by Tzioumis et al. (2002) with the SHEVE array. We confirm the double source structure of the source seen at both frequencies. 0114−211, (OC224) -This source was observed with the VLA A-array at 5, 8.4, and 15 GHz by Mantovani et al. (1994) who reported a triple structure. Polarised emission was detected only for the western component "c". The restframe RM was calculated in that paper assuming a conventional value of z=0.5. With the present 23.2 GHz observations we detect total intensity and polarised emission only from component "c". Here we have used a redshift of 1.41±0.05 (McCarthy et al. 1996) for estimating the restframe RM. 0116+319 (4C31.04) -This source was observed by van Breugel et al. (1984) at 15 GHz with the VLA. They detected no polarised emission above their detection limit of 1.5% of the flux density of 1226±16 mJy, which is a factor of ∼1.6 higher than the flux density we find at the same frequency. 0127+233 (3C43) -The subject of many investigations, 3C43 shows a peculiar structure characterized by a sharp bend of more than 90
• in the jet. Polarised emission has been reported by van Breugel et al. (1992) , Akujor & Garrington (1995) , Sanghera et al. (1995) , Lüdke et al. (1998) and Cotton et al. (2003c) at subarcsecond resolution. The EVPA in all these images made from data taken at different frequencies, is perpendicular to the jet axis, nicely following the bend in the jet. Small values of the RM are found along the jet region, while a high value of RM is measured for the northern component. VLBI observations were reported by Nan et al. (1991) , Spencer et al. (1991) , and Fanti et al. (2002) . Polarimetric VLBI observations were performed by Mantovani et al. (2003) at 8.4 GHz. These authors detected polarised emission along the jet with polarisation percentages up to 12%. However, no polarisation was detected from the region of the core. A similar result was obtained at 1.6 GHz by Cotton et al. (2003b) . Both articles report a large RM near the bend in the jet. 0221+276 (3C67) -This source shows a triple structure from our 15 GHz observations, as did MERLIN observations at 5 GHz by Sanghera et al. (1995) . Because of its almostflat spectrum, we confirm that the central weak component close to the southern lobe is the core of the source, as suggested by Sanghera et al. (1995) and Lüdke et al. (1998) . Of the two lobes, that to the north is strongly polarised at the frequencies we observed. The area with the highest polarised emission shows RMs of up to 1620 rad m −2 in the source rest frame. The southern lobe is 2% polarised at 15 GHz, and depolarises quickly towards lower frequencies. Polarised emission from this component is only marginally detected by our X-band observations. The RM value (∼3000 rad m −2 in the source rest-frame) calculated for this component is rather uncertain. 0223+341 (4C34.07) -The images at 15 and 23.2 GHz reveal a triple structure. The central component is unpolarised and has an almost flat spectrum between the two frequencies. In contrast, both lobes are polarised. However, the less-polarised northern component shows depolarisation between 23.2 and 15 GHz, but a constant polarisation percentage between 15 and 8.0 GHz. The source rest-frame RM value found for this component of more than -36,000 rad m −2 is calculated after adding 180
• to χ at 23.3 GHz. Subtracting 180
• from χ at 8.0 and 8.4 GHz will generate an even higher RM. Both solutions give acceptable fits to the λ 2 law. If we do not adjust any of the above three χ values, a rare case is implied in which the χ values do not obey the λ 2 law. The southern component is strongly polarised at 15 GHz, while the polarisation percentage is a factor of 5 lower at X-band. An RM value of RM=5871 rad m −2 in the source rest-frame can be unambiguosly derived. 0319+121 -This source is point-like at 15 GHz, but shows an extension to the north at X-band. VLBI S/X band images from the US Naval Observatory Radio Reference Frame Image Database (http://rorf.usno.navy.mil/RRFID/) show a core-jet structure, with the jet in the same direction we find. The source presents little depolarisation from higher to lower frequencies and an RM of zero. 0404+767 (4C76.03) -Again a point-like source at subarcsecond resolution. In this case there is a strong depolarisation between 15 and 8.0 GHz. However, the percentage polarisation at 8.4 GHz is much lower that at 8.0 GHz, which is possibly due to uncertainties caused by the low levels of polarization. Nevertheless, the χ values fit the λ 2 law nicely, with RM=5350 rad m −2 in the source rest-frame. The VLBI image at 8.0 GHz by Xu et al. (1995) shows a triple structure for 0404+767 at milli-arcsecond resolution. 0531+194 -A compact double source that is unpolarised at the detection levels of all our observations. 0538+498 (3C147) -Our results for this source are fully described in Junor et al. (1999) . 0941−080 -A point-like source with polarised emission below the detection limits at all of the available frequencies. 1005−077 (3C237) -The triple structure seen by Lüdke et al. (1998) observing 3C237 with MERLIN at 5 GHz is confirmed by our 15 GHz observations. The central component has a flat spectral index between 5 and 15 GHz, has no detectable polarised emission, and is almost certainly the core of the source. Both lobes are polarised at Xand U-band, showing strong depolarisation between 15 and 8.0 GHz. The lobes are completely depolarised by 5 GHz as reported by Lüdke et al. (1998) . The eastern and western lobes have RMs of 942 and 615 rad m −2 respectively. 3C237 has also been observed by Akujor & Garrington (1995) at 8.4 GHz and by van Breugel et al. (1992) at 15 GHz. 1151−348 -This is a point-like source at sub-arcsecond resolution. It is up to 2.1% polarised at 15 GHz and shows depolarisation towards X-band, with an RM of about zero. Dual-band S/X VLBI observations made by Tzioumis et al. (2002) revealed that 1151−348 has a double structure with the components separated by about 90 milli-arcseconds. 1153+317 (4C31.38) -Our observations at 8 GHz show this to be a double source, with both components being polarised. From the observations of Lonsdale et al. (1993) , it is possibly a triple source at 15 GHz. Lonsdale et al. (1993) also observed the source at 5 GHz. Adopting their polarisation measurements, we compute RMs of 913 and 351 rad m −2 for components a and b respectively. 1210+134 (4C13.46) -This source presents a very complex structure, dominated by the northern component in which two blobs of emission, both strongly polarised, are embedded in an extended region of weak emission ( Fig.  1) . A three-arcsecond long jet extends south, beginning from the south-western most of the two blobs mentioned above. Polarised emission is detected all along the jet at X-band. The south-western and north-eastern blobs show RM=640 and −160 rad m −2 respectively. The values we find for the percentage polarisations are rather puzzling: the brightest component a depolarises going from 15 to 8.4 GHz (DP 8485/14885 = 0.7), while component b strongly repolarises (DP 8485/14885 = 2.3)). Polarised emission is also detected at the three observing frequencies for component f at the end of the jet, which also shows repolarisation and has RM=1597 rad m −2 . 1245−197 -This source is slightly resolved at 15 GHz. The image shows an extension to the west of the brightest pointlike component. This component is weakly polarised, and has a very large depolarisation index. It is one of the few cases that does not follow the λ 2 law. 1245−197 was also observed with the VLA at 1.36 GHz by Stanghellini et al. (2005) who found a component about 4 arcmin to the west of the main component. 1311+678, 4C67.22 -Polarised emission is not detected for this source which is slightly extended to the south-east at 15 GHz. 1311+678 shows double structure at milliarcsecond resolution (see Xu et al. 1995) . 1323+321 (4C32.44) -Again a point-like source, it is slightly depolarised between 15 GHz and X-band. However, the percentage polarisation is low. The value of the intrinsic RM is also low (RM rf =-66 rad m −2 ). 1323+321 is part of the MOJAVE monitoring programme which is performed with the VLBA at 15 GHz. There it shows a double structure (Lister & Homan 2005) with the two components being separated by about 50 milli-arcsec. 1328+254 (3C287) -This point-like source is about 4% polarised, with little depolarisation from higher to lower frequencies. The intrinsic RM rf is -556 rad m −2 . 3C287 was observed by Kellermann et al. (1998) with the VLBA at 15 GHz and showed a point-like structure with a weak extension to the south. 1345+125 (4C12.50) -A point-like source that is only weakly polarised. It presents a very high depolarisation index going from higher to lower frequency and a very large intrinsic RM (RM rf =-8271 rad m −2 ). VLBI observations by Stanghellini et al. (1997) at 5 GHz and Kellermann et al. (1998) at 15 GHz reveal a complex, long, thin structure for the source. 1358+624, (4C62.22) -The present observations show a point-like structure for 1358+624. It is weakly polarised, and presents noticeable depolarisation, with a large intrinsic RM (RM rf =-7496 rad m −2 ). VLBI observations at 18 cm by Dallacasa et al. (1995) show a double structure with a faint bridge, identified as a jet, connecting the two lobes. 1416+067, (3C298) -This source extends east-west, and is resolved into multiple components. We can identify at least five of these in our 23.2 GHz image, which shows percentage polarisations ranging from about 1% to 7% at 23.2 GHz. Polarised emission was detected only on the eastern side at X-band, while three components show polarisation at 15 GHz. Unexpectedly, components a and b show repolarisation having DP 14885/23285 = 2.6 and 2.2 respectively, while component c1 is strongly depolarised (DP 14885/23285 =0.14). Component a is the only one found to be polarised at X-band. It shows depolarization going from 15 to 8.0 GHz.
1416+067 has been the target of many sub-and milliarcsecond resolution observations. It has been observed by Akujor & Garrington (1995) at 1.6 and 8.4 GHz with the VLA, Lüdke et al. (1998) with MERLIN at 5.0 GHz, and by van Breugel et al. (1992) at 15 GHz with the VLA. We incorporated the values of χ measured for some of the components by these observers to better calculate the RMs. Components a and b show RM rf =-883 and -310 rad m −2 , respectively. However, we obtained a much better fit to the λ 2 law for component b (RM rf =-1042 rad m −2 ) if the χ value at 5.0 GHz of Lüdke et al. (1998) is discarded.
The structure of 3C298 at milli-arcsecond resolution is discussed in depth by Fanti et al. (2002) and references therein. They observed the source with the EVN at wavelengths of 92, 18 and 6 cm. 1458+718 (3C309.1) -The sub-arcsecond structure of 1458+718 is characterised by several components. Three of these are aligned in the east-west direction, while the others lie along the extended emission pointing south, which is clearly detected in both of our X-band images. Polarised emission is detected for the two brightest components, a and b, at all four of our observing frequencies 3C309.1 has been the target of many other investigations. We mention MERLIN observations at 5 GHz by Lüdke et al. (1998) , and by Akujor & Garrington (1995) at 1.4, 5, 8.4 , and 15 GHz. The χ values reported by Lüdke et al. (1998) , obtained from observations made at comparable resolution, were added to our measurements in order to derive the RMs of three of the components: RM rf =-3920 rad m −2 for component a, RM rf =1146 rad m −2 for a1, and RM rf =10185 rad m −2 for d. VLBI images for 3C309.1 can be found in Xu et al. (1995) at 1.6 GHz, and in Kellermann et al. (1998) and Lister & Homan (2005) at 15 GHz. We note that the milli-arcsec images show a north-south core-jet structure, while the source major axis in images at lower resolution is east-west. 1524−136 (OQ172) -We only observed this source at 23.2 GHz since it had already been observed by Mantovani et al. (1994) with the VLA at 6, 4, and 2 cm. It has a double structure, and polarised emission is detected for both of the components at 23.2 GHz. At lower frequencies the polarisation is below the detection limits for the weaker southern component. Combining the observations mentioned here we found the very large RM rf of 20 411 rad m −2 for the stronger northern component, with virtually no depolarisation from 23.2 to 5.0 GHz.
OQ172 was observed in VLBI by Udomprasert et al. (1997) , who find a component close to the source nucleus with an RM rf up to40 000 rad m −2 , and by Mantovani et al. (2002) , who pointed out that the source is a quasar with a two-sided jet, which is unusual for this class of objects. 1634+628, (3C343) -This source shows a core-jet structure in the VLA images at X-band. The jet (or extension) is not detected at 15 GHz. Polarised emission is detected for the brightest component, showing very little depolarisation and a RM rf =2764 rad m −2 . Polarimetric VLBA observations at 5 and 8.4 GHz for 3C343 were recently published by Mantovani et al. (2010) . Two bright, compact components, surrounded by weak, diffuse emission are detected; both components are polarised. The whole polarised region depolarises little. However, the χ values present large changes, with the RM rf varying across the source, with indications of values higher than 6 000 rad m −2 . 1638+124 (4C12.60) -The source 1638+124 shows a double structure at the higher of our observing frequencies, appearing slightly resolved at 15 GHz, but point-like at X-band. A value for RM rf =14 546 rad m −2 is derived for component a, which also shows DP 14885/23285 = 0.15. 1641+173 (3C346) -The structure of 3C346 is that of an asymmetric triple source. The western lobe is completely resolved out at 15 and 23.2 GHz. Strong polarised emission (up to 17%) is found for the brightest component of the eastern lobe. This component depolarises quickly with DP 14885/23285 = 0.51, while the RM rf is below 73 rad m −2 . This source has also been observed at 1.6, 5, and 8.4 GHz by Akujor & Garrington (1995) at sub-arcsecond resolution, and by Spencer et al. (1991) with MERLIN and EVN at 18 cm, and Cotton et al. (1995) at 1.7 and 8.4 GHz 1829+290 (4C29.56) -This source possesses a triple structure. The central component is the brightest and is polarised at both X-band and 15 GHz, while polarised emission is not detected at 23.2 GHz. Weak polarised emission is also detected for the western lobe at X-band. The two external lobes and the two-sided jet are below the detection limits at the two higher frequencies. The derived RM rf of 4963 rad m −2 is questionable. 1829+290 was observed with the EVN at 1.6 GHz by Dallacasa et al. (1995) . Their image shows symmetric, bright, elongated features, likely to be jets, at a position angle of about 90
• . This is strongly misaligned with respect to the outer lobes seen on the sub-arcsecond resolution images. The radio core is not detected by Dallacasa et al. 2247+140 (4C14.82) -The 23.2 GHz image of this source shows it to have a double structure. At the lower resolution of X-band, it appears to be point-like, while the double structure can be recognised at 15 GHz. Although, the structure of the polarised emission allowed us to easily separate the two regions, even at the lower resolution, it is difficult to derive the percentage polarisations. It is easier to derive the χ values for the two components, and this has allowed us to calculate RM rf =319 and 692 rad m −2 .
Discussion
Fractional polarisation
Considering the values of the fractional polarisation listed in Table 1 , our VLA A-array observations confirm that CSSs are weakly polarised. However, we find that quasars are more highly polarised than galaxies, and in both cases the polarisation percentages, m, decrease from higher to lower frequencies. This is consistent with a number of earlier results (see e.g. Saikia, Swarup & Kodali 1985; Saikia, Singal & Cornwell 1987; Saikia & Salter 1988 , Akujor & Garrington 1995 Cotton et al. 2003a ). The differences between galaxies and quasars could be due to a combination of orientation effects and the relative contribution of the jet, which is often more strongly polarized. Point-like sources are the least polarised with a median value of m≃1%. The median m found at X-band confirms the finding by Mantovani et al. (2009) that the median value of m for a complete sample of CSSs observed at the same band was lower than 1%. The median value of m for individual components in both classes of optical objects decreases slightly going from higher to lower frequencies. However, considering galaxies and quasars separately, we note that the above is confirmed for quasars down to 8085 MHz, while galaxies, in contrast, show strong depolarisation between 14885 and 8085 MHz.
A comparison can be made with the sample of steep spectrum extended radio sources selected from the B3-VLA sample observed at 4.85 GHz by Klein et al. (2003) . These authors found a fractional polarisation of 5.2%.
Rotation Measures
RMs have been calculated for point sources and for many individual components of the sources that are resolved by the VLA A-array. The median values for the modulus |RM rf | are 1146 +2183 −531 rad m −2 for the whole set of source components, 692 +887 −532 rad m −2 for components in quasars, and 1617 +2135 −1298 rad m −2 for components in galaxies. We have 10 galaxies and 6 quasars containing components with RMs higher than the |RM|, while 4 galaxies and 13 quasars have RMs lower than this. The dispersion of the RMs is large, ranging from 0 rad m −2 to about 36,000 rad m −2 in the source rest frame.
A narrower dispersion was found for a sample of 47 CSSs observed with the Effelsberg 100-m telescope by Mantovani et al. (2009) . RMs for the 16 sources with polarised emission greater than the detection limits lie between −20 and 3900 rad m −2 . This might be expected since sources that are unresolved by single dish observations should show lower levels of polarisation (and RMs) due to the blending of emission from multiple components having different EVPAs. However, among the 12 point-like sources of the present sample, half have RMs close to zero, while 6 show RMs >500 rad m −2 , of which 3 are classified as galaxies.
For comparison, for a sample of faint blazars observed with the Effelsberg 100-m telescope it is found that the RMs range between 0 and 1950 rad m −2 . Only 9 out of the 27 objects with polarised emission above the detection limits show RM >200 rad m −2 (Mantovani et al. (2011) . The lower values of RM for the components in the galaxies compared with quasars is interesting. In the unified scheme this could arise if the quasar components are seen largely through the less dense ionization cones, while the galaxy components may be seen through the torus or the denser interstellar medium of the host galaxy. The errors on the median values are rather large now, and it would be useful to extend such studies to a larger sample of sources. Also although single-dish values have yielded lower values of RM, it is important to study these sources with high resolution to determine their polarimetric properties. A deeper study of the results achieved by this investigation will be given in a future paper.
Summary and conclusions
We have presented multi-frequency VLA polarisation observations of CSSs and estimated their percentage polarisations and RM values.
About half of the sources are point-like, even at the ∼ 0.1×0.1 arcseconds resolution achieved by the present VLA A-array 23.2-GHz observations. The remaining sources have double or triple structures. One source, 1210+134 (4C13.46) shows a complex structure.
Low values for the polarisation percentage in CSSs is confirmed by the present observations. On the average, quasars are more highly polarised than galaxies.
We have compiled the available RM estimates for CSS sources as seen on a sub-arcsecond scale. These show a wide range of values, with indications of very large RMs, although some of the values need to be confirmed via observations at a larger number of frequencies. Values of RM rf as high as ≈36 000 rad m −2 have been found. CSS galaxies are characterized by RM values that are larger than those found for CSS quasars. A majority of the objects show very large values of RM rf .
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